The right and left main bronchial diameters of 250 children were measured using computed tomography of the thorax. In 75% of the cases, the right main bronchial diameter was significantly larger than the left (95% CI 0.7-0.9, P<0.01). Age but not weight of a child is a good predictor of the bronchial diameter (Beta value is 2.81x10 -2 and 2.58 x10 -2 for right and left main bronchial diameter respectively). A size 3 Fogarty catheter will provide effective bronchial blocking for children up to 4 years old. A size 5 Fogarty catheter can be used for most children from 5 to 12 years old. Larger Fogarty catheters or double-lumen tubes can be used in older children. Overinflation of the cuff should be avoided by fibreoptic bronchoscopy of the balloon. Our clinical application of the technique is discussed.
Lung isolation may be required in thoracic surgery in children to avoid contamination of the healthy lung, provide adequate ventilation and provide better surgical access especially when a thoracoscopic approach is used. One of the ways of achieving lung isolation is the use of the Fogarty catheter 1,2 (Sims Portex Ltd, U.K.). Although various authors have reported using different sizes of Fogarty catheter for lung isolation in children 3, 4, 5, 6 , there is currently no comprehensive series linking catheter size to patients' age or weight in the paediatric population.
In our institution, a Fogarty catheter is the most common type of device used to achieve one-lung ventilation and isolation. We decided to study the correlation between bronchial diameter measured using computed tomograms (CT) of the thorax with the patient's age and weight, with the aim of producing a guide to size selection of the Fogarty catheter.
Some comments about the application of this data in our institution are included in the discussion.
METHODS
Two hundred and fifty children aged from 2 days to 16 years had their right and left main bronchial diameters measured on CT of the thorax from January 1999 to June 2001. They were children who had routine clinical indications for CT thorax and were not specially recruited for the study. No informed consent was sought as such but departmental approval for the study was obtained.
Premature neonates, children with a history of tracheomalacia, bronchomalacia, bronchiectasis, previous tracheotomy and pathology such as mediastinal masses that may cause narrowing of the trachea or main bronchus were excluded from the study.
All CT thorax scans were done with intravenous contrast (Omnipaque 240 2 ml/kg) on a Picker 5000 scanner (Picker U.S.A.) with 3-8 mm slice thickness depending on the age and size of the child. The right and left main bronchial diameters were measured on the lung window images (window width 1000, window level 450) at their origins distal to the carina, with the measured distance perpendicular to the longitudinal axis of the airway (Figure 1) .
The age and weights of the children at the time of CT thorax were recorded.
STATISTICS
The data was non-parametric and the results were not a normal distribution. The Mann-Whitney test was used for testing of significance for non-dependent data and Wilcoxon Rank test was used for the dependent data.
RESULTS
One hundred and thirty-three (53.2%) boys and 117 (46.8%) girls were studied. The ages and weights of the studied population are shown in Figure 2 .
The bronchial diameters of the boys and girls of different age groups are shown in Figures 3 and 4 .
In 75% of the studied population, the right main bronchial diameters were significantly greater than the left main bronchial diameters at all ages and weights [95% CI (0.7-0.9) P<0.01]. There was however insignificant difference between the right or left side between sexes [for boys Mean, SD (6.3, 1.8); for girls Mean, SD (6.2, 2.0), P>0.05].
Age, but not weight, of the patient is a good predictor of the main bronchial diameters (unstandardized linear regression coefficient B=2.81x10 -2 and 2.58 x10 -2 for the right and the left bronchial diameters respectively). The dimensions of the Fogarty catheters are shown in Table 1 .
Using this data, the proposed guide to the selection of the size of Fogarty catheter in relation to the age of children is shown in 
DISCUSSION
Lung isolation in children can be achieved by endobronchial intubation using a single or double lumen tube, bronchial occlusion using a bronchial blocker such as a pulmonary artery catheter 7 or Fogarty catheter or purpose built bronchial blocker tube such as a Univent tube 8 . The selection or use of each device depends largely on the size of the child. Bethesda 9 measured the tracheal diameters from fresh autopsy specimens and Griscom 10 recorded the dimensions of the growing trachea related to age and gender on chest CT scans. Hammer 11 reviewed these data and calculated the expected bronchial diameters for children in different age groups. Although the distribution of our studied population is not a normal one due to the method of this study, we believe that our data has provided a useful guide relating the main bronchial diameters to the age of the children. We suspect that heights of the children might be a good predictor but were unable to pursue this hypothesis as height was rarely measured in our patients.
The Fogarty catheter 12 has been used as a bronchial blocker since 1969 1,2 . It is a balloon-tipped catheter where the balloon is sturdy and of the high-pressure type. There are currently no guidelines that relate Fogarty catheter size to patient size. It is important to select a catheter of the right size. Selecting a catheter that is too small will result in inadequate lung occlusion and hence ineffective one-lung ventilation. Selecting a catheter that is too large or inflating the balloon more than required may result in ischaemic trauma to the bronchus or bronchial rupture 13 .
In our institution, the Fogarty catheter is the device most commonly used to achieve one-lung ventilation in children through blocking of the main bronchus. We select the Fogarty catheter size based on our recommendation as shown in Table 2 . We stretch the balloon of the catheter a few times before using it as this is a manoeuvre recommended by the manufacturer. We discard catheters with faulty or eccentric balloons. The Fogarty catheter is then inserted through the vocal cords after induction of anaesthesia, before the trachea is intubated by an endotracheal tube either orally or nasally. The balloon is then inflated with a volume of saline not more than that recommended by the manufacturer. The occlusion of the main bronchus by the balloon is checked visually with fibreoptic bronchoscopy. If the balloon is seen to be over-expanded, it is partially deflated.
We found that the size 3 Fogarty catheter (the smallest Fogarty catheter available to us), can be used as an effective bronchial blocker in children up to four years old. For very young children, the same size of catheter can be used but the volume of balloon inflation should be less, just enough to occlude the main bronchus.
We suggest using a size 5 Fogarty catheter, instead of a size 4, as a bronchial blocker for children older than four years as the difference between the maximum dimension of the two catheters is small, namely 9 mm and 10 mm respectively. Furthermore, the pressure exerted by the balloon of a larger catheter on the bronchial wall may be lower than that of a smaller one. Our suggestion may be questioned, as there is no literature on the measurement of the pressure exerted on the bronchial wall by the balloon of a Fogarty catheter.
The lung collapses after bronchial blockade with a Fogarty catheter due to absorption atelectasis. Most of the time there is a time lag and this collapse is not as complete as one would expect with the use of a double lumen tube. In about 50 patients in whom we used a Fogarty catheter for lung isolation, our impression was that it was an effective technique for providing lung isolation and decreasing the incidence of contamination of the healthy lung.
After removal of the Fogarty catheter, we also routinely inspect the bronchus with a fibreoptic bronchoscope to exclude injury to the bronchus. Small abrasions were occasionally seen but none of our patients had bronchial rupture, a known and serious complication.
CONCLUSION
We feel that the Fogarty catheter provides a good means of lung isolation with decreased contamination of the healthy lung. We select the size of the Fogarty catheter for children of various ages based on our data from the CT measurement of the right and left main bronchial diameters. A size 3 Fogarty catheter will provide effective bronchial blocking for children up to four years old. A size 5 Fogarty catheter can be used for most children older than four years old. A larger size of Fogarty catheter or double lumen tube may be used for lung isolation in children older than 12 years old. So far these guidelines have provided satisfactory lung isolation without bronchial injury in our institution. A prospective study examining the application of these guidelines is being undertaken.
